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INTRODUCTION 
Osseointegration has been introduced in the 
orthopaedic surgery in the 1990’s in 
Gothenburg (Sweden).
[1]
 To date, there are 
two frequently used commercially available 
human implants: the OPRA (Integrum, 
Sweden) and ILP (Orthodynamics, 
Germany) systems.
[2-4] 
The rehabilitation 
program with both systems include some 
form of static load bearing exercises.
[5, 6]
 
These latter involved following a load 
progression that is monitored by the 
bathroom scale, providing only the load 
applied on the vertical axis.
[7]
 The loading 
data could be analysed through different 
biomechanical variables.
[7-20]
 For instance, 
the load compliance, corresponding to the 
difference between the load recommended 
(LR) and the load actually applied on the 
implant, will be presented here. 
 
METHODS 
Eleven individuals with unilateral 
transfemoral amputation fitted with an 
OPRA osseointegrated implant participated 
in the study. The load was measured with an 
instrumented pylon, included a six-axis 
commercial transducer (JR3).
5 
All the 
participants performed at least five trials in 
four different loading conditions: 10kg, 
20kg, 40 kg and a maximum loading. 
 
RESULTS 
The average difference between the load 
applied on the vertical axis, corresponding to 
LR, and long axis (Fz) and the norm (Fn) of 
the load applied on the implant are presented 
in Fig 1.  
 
 
Fig. 1 Load compliance 
 
DISCUSSION 
The results show that Fz-LR was negative 
for all the loading conditions while Fn-LR 
was negative only for the 40 kg and 
maximum conditions. This means that the 
implant was underloaded on the long axis 
but overall overloaded in lighter loadings 
(i.e., 10 kg, 20 kg). However, both 
differences tend to decrease as LR increases. 
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This indicated that the mediolateral and 
anteroposterior axes of the implant were 
more loaded when the LR was lighter. In 
other words, the participants loaded the 
pylon more orthogonally to the scale at the 
higher loads. These results indicated that the 
increase of the load on the pylon during the 
course of the rehabilitation might be 
achieved through a shift of the bodyweight. 
CONCLUSION 
The load applied on the three axes of the 
implant must be monitored for a better 
understanding of static load bearing 
exercises. 
ACKNOWLEDGMENTS 
This study was partially funded by the ARC 
Discovery Project (DP0345667), ARC 
Linkage Grant (LP0455481), QUT Strategic 
Link with the Industry and IHBI Advanced 
Diagnosis in Medical Device Grant. 
 
DISCLOSURE 
None. 
 
REFERENCES 
1. Branemark, R., P.I. Branemark, B. 
Rydevik, and R.R. Myers, 
Osseointegration in skeletal 
reconstruction and rehabilitation: a 
review. J Rehabil Res Dev, 2001. 38(2): 
p. 175-81. 
2. Pitkin, M., On the way to total 
integration of prosthetic pylon with 
residuum. J Rehabil Res Dev, 2009. 
46(3): p. 345-60. 
3. Aschoff, H.H., R.E. Kennon, J.M. 
Keggi, and L.E. Rubin, Transcutaneous, 
distal femoral, intramedullary 
attachment for above-the-knee 
prostheses: an endo-exo device. J Bone 
Joint Surg Am, 2010. 92 Suppl 
2(Supplement 2): p. 180-6. 
4. Berlin, Ö., P. Bergh, M. Dalen, S. 
Eriksson, K. Hagberg, S. Inerot, B. 
Gunterberg, and R. Brånemark, 
Osseointegration in transfemoral 
amputees: the gothenburg experience. 
Journal of Bone & Joint Surgery, British 
Volume, 2012. 94-B(SUPP XIV): p. 55. 
5. Hagberg, K., R. Branemark, B. 
Gunterberg, and B. Rydevik, 
Osseointegrated trans-femoral 
amputation prostheses: Prospective 
results of general and condition-specific 
quality of life in 18 patients at 2-year 
follow-up. Prosthetics and Orthotics 
International, 2008. 32(1): p. 29 - 41. 
6. Hagberg, K. and R. Branemark, One 
hundred patients treated with 
osseointegrated transfemoral 
amputation prostheses-rehabilitation 
perspective. J Rehabil Res Dev, 2009. 
46(3): p. 331-44. 
7. Frossard, L., D.L. Gow, K. Hagberg, N. 
Cairns, B. Contoyannis, S. Gray, R. 
Branemark, and M. Pearcy, Apparatus 
for monitoring load bearing 
rehabilitation exercises of a 
transfemoral amputee fitted with an 
osseointegrated fixation: a proof-of-
concept study. Gait Posture, 2010. 
31(2): p. 223-8. 
8. Frossard, L., J. Beck, M. Dillon, M. 
Chappell, and J.H. Evans, Development 
and preliminary testing of a device for 
the direct measurement of forces and 
moments in the prosthetic limb of 
transfemoral amputees during activities 
of daily living. Journal of Prosthetics 
and Orthotics, 2003. 15(4): p. 135-142. 
9. Lee, W., L. Frossard, K. Hagberg, E. 
Haggstrom, and R. Brånemark, Kinetics 
analysis of transfemoral amputees fitted 
with osseointegrated fixation 
performing common activities of daily 
living. Clinical Biomechanics, 2007. 
22(6): p. 665-673. 
10. Frossard, L., N. Stevenson, J. 
Smeathers, E. Haggstrom, K. Hagberg, 
J. Sullivan, D. Ewins, D.L. Gow, S. 
Static load bearing exercises during rehabilitation of individuals with transfemoral amputation fitted with 
osseointegrated implant: Load compliance 
2013 O&P World Congress   Page 3 of 3 
 
Gray, and R. Branemark, Monitoring of 
the load regime applied on the 
osseointegrated fixation of a trans-
femoral amputee: a tool for evidence-
based practice. Prosthet Orthot Int, 
2008. 32(1): p. 68-78. 
11. Lee, W.C., L.A. Frossard, K. Hagberg, 
E. Haggstrom, D.L. Gow, S. Gray, and 
R. Branemark, Magnitude and 
variability of loading on the 
osseointegrated implant of transfemoral 
amputees during walking. Med Eng 
Phys, 2008. 30(7): p. 825-833. 
12. Dumas, R., L. Cheze, and L. Frossard, 
Load during prosthetic gait: Is direct 
measurement better than inverse 
dynamics? Gait & Posture, 2009. 
30(Supplement 2): p. S86-S87. 
13. Dumas, R., L. Cheze, and L. Frossard, 
Loading applied on prosthetic knee of 
transfemoral amputee: comparison of 
inverse dynamics and direct 
measurements. Gait Posture, 2009. 
30(4): p. 560-2. 
14. Frossard, L., K. Hagberg, E. 
Haggstrom, and R. Branemark, Load-
relief of walking aids on osseointegrated 
fixation: instrument for evidence-based 
practice. IEEE Trans Neural Syst 
Rehabil Eng, 2009. 17(1): p. 9-14. 
15. Frossard, L., R. Tranberg, E. 
Haggstrom, M. Pearcy, and R. 
Branemark, Fall of a transfemoral 
amputee fitted with osseointegrated 
fixation: loading impact on residuum. 
Gait & Posture, 2009. 30(Supplement 
2): p. S151-S152. 
16. Frossard, L., K. Hagberg, E. 
Häggström, D.L. Gow, R. Brånemark, 
and M. Pearcy, Functional Outcome of 
Transfemoral Amputees Fitted With an 
Osseointegrated Fixation: Temporal 
Gait Characteristics. JPO Journal of 
Prosthetics and Orthotics, 2010. 22(1): 
p. 11-20. 
17. Frossard, L.A., Load on osseointegrated 
fixation of a transfemoral amputee 
during a fall: Determination of the time 
and duration of descent. Prosthet Orthot 
Int, 2010. 34(4): p. 472-87. 
18. Frossard, L.A., R. Tranberg, E. 
Haggstrom, M. Pearcy, and R. 
Branemark, Load on osseointegrated 
fixation of a transfemoral amputee 
during a fall: loading, descent, impact 
and recovery analysis. Prosthet Orthot 
Int, 2010. 34(1): p. 85-97. 
19. Frossard, L., L. Cheze, and R. Dumas, 
Dynamic input to determine hip joint 
moments, power and work on the 
prosthetic limb of transfemoral 
amputees: ground reaction vs knee 
reaction. Prosthet Orthot Int, 2011. 
35(2): p. 140-9. 
20. Frossard, L., N. Stevenson, J. Sullivan, 
M. Uden, and M. Pearcy, Categorization 
of Activities of Daily Living of Lower 
Limb Amputees During Short-Term 
Use of a Portable Kinetic Recording 
System: A Preliminary Study. JPO 
Journal of Prosthetics and Orthotics, 
2011. 23(1): p. 2-11. 
 
 
 
 
 
 
 
 
 
 
